7SSESV 



A34307 - 071308.0161 
PATENT 



^^1ttj^ ^ N THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant(s) 
Serial No. 
Filed 
For 

Examiner 
Group Art Unit 



Kiesel et al. 
09/855,897 
May 15, 2001 

METHOD FOR SYNCHRONIZING A PLURALITY OF 
BUS SYSTEMS, AND HIERARCHICAL MULTIBUS 
SYSTEM CORRESPONDING THERETO 

To be Assigned 

To be Assigned 



PRELIMINARY AMENDMENT 

I hereby certify that this paper is being deposited with the United States 
Postal Service as in an envelope addressed to: Assistant Commissioner for 
Patents, Washington, D.C. 20231 



July 11. 2001 




27,551 



PTO Registration No. 

July 11. 2001 
Date 



Assistant Commissioner for Patents 

Washington, D.C. 20231 

Sir: 

Applicant respectfully requests that the following amendments be entered in 
connection with the above-identified application. 



NY02:335373.1 



1 



A34307 - 071308.0161 
PATENT 

REMARKS 

The attached substitute specification contains no new matter as is apparent from 
the enclosed "Version With Marked Changes Made". 

The amendments to the "Abstract" and "Claims" are reflected in the attached 
"Versions With Marked Changes Made." 

Action on the merits is awaited. 



Respectfully submitted, 




Patent Office Reg. No. 27,551 



Attorney for Applicant 



BAKER BOTTS L.L.P. 
30 Rockefeller Plaza 
New York, NY 10112 
(212) 408-2500 



NY02:335373.1 



6 



Version With Marked Changes Made 

SPECIFICATION 

SUBSTITUTE SPECIFICATION 

FIELD OF THE INVENTION 

rOOOll The present invention relates to synchronizing a plurality of bus systems. 
In particular, the present invention relates to synchronizing a plurality of bus 
systems, where each bus system has at least one transmission unit and a 
reception unit and where, in each bus system, cyclically transmitted 
synchronization signals are transmitted to a reception unit by the transmission 
unit, and also a hierarchical multibus system corresponding thereto. 




BACKGROUND OF THE INVENTION 

Th e present invention relates to methods for synchronizing a plurality of 

bus systems, wher e oach bus system has at least ono transmission unit and a reception 
unit, and where, in each bus system, cyclically transmitted synchronization signals are 
transmitted to a reception unit by the transmission unit, and also a hi e rarchical 
multibus system corr e sponding th e r e to. 

[00021 Such Gynchronizatio n Synchronization methods for bus systems and the 
corresponding reception units are known 14 g e nerally . They are used, among other 
things, in fieldbus systems, e.g. the PROFIBUS, or other bus systems, such as the 
Ethernet. Fieldbus systems are distributed control systems which usually have a 
transmission unit (head assembly, bus master) and a multiplicity of reception units 
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(slaves). The individual slave assemblies are usually driven by virtue of the 
transmission unit transmitting an instruction message to the reception units. Upon 
receipt of the instruction message, the reception units output to a controlled technical 
installation nominal values which have been transmitted to them previously by the 
transmission unit. At the same time, they read in from the controlled technical 
installation actual values which they subsequently transmit to the transmission unit. 
The transmission unit then calculates new nominal values which it transmits to the 
individual reception units, so that the reception units are ready for the next instruction 
message. 

[0QQ31 The instruction messages are sent by the transmission unit with 
equidistant timing. From the instruction messages it is therefore possible to derive 
synchronization signals which can be used to synchronize the reception units to the 
transmission unit. For producing relatively large networked systems on the basis of 
such bus systems or fieldbus systems, it is frequently necessary to synchronize a 
plurality of separate bus systems. In this context, it is also desirable to combine and 
hence also to synchronize different bus systems with one another. 

[00041 In this case, great significance is attached to hierarchical structuring of 

bus systems, e.g. within the context of a local drive concept, where it is generally 

necessary for a controller, a plurality of drives and power sections to communicate 

with one another. Particularly in the field of numerically controlled industrial 

processing machines, for exampl ee.g. machine tools and robots, having a plurality of 
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interpolating axes, universal clock synchronization is demanded ^ and may be 
required afee-to wife -access different bus systems. The latter instance is particularly 
desirable for increasing the flexibility and scope for use. Thus, there exists a need 
for an efficient method and system for synchronizing a plurality of bus systems, 

FQ0051 Accordingly, it is an object of the present invention to provide a method 

for synchronizing a plurality of bus systems. 

SUMMARY OF THE INVENTION 

r0006] T he present invention provides a method and system for synchronizing a 
plurality of bus systems. The present invention achieves this object by vktee the use 
o f th e method outlined in the introduction being dev e loped in accordance with th e 
pr e characterizing claus e of th e main claim such that a central clock, in particular a 
common oa eclock ,4s prescribed for each transmission unit in a bus system, and each 
transmission unit uses using this central clock to generate the respective 
synchronization signals autonomously for cyclic transmission to an associated 
reception unit. 

[00071 Such mutual s>Tichronization of two or mor e transmission units or bus mast e rs 
permits parallel operation of buses, among other things. 

r0008] Su ch mutual synchronization of two or more transmission units or bus 
masters permits parallel operation of buses, among other things. The 
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transmission units are fed by a central clock. On the basis of the prescribed clock, 
each transmission unit generates the appropriate synchronization information using 
the necessary messages on the respective bus. This principle is independent of the 
respective bus system, which means that both identical bus systems and different bus 
systems can be operated in synchronism with on e another, in synchronism with one 
another. 

[00091 In practice, some latitude in time remains between transmission of the 
actual values read m-teinto the transmission unit and transmission of the nominal 
values to the reception units, on the one hand, and transmission of the next instruction 
message, on the other hand. This latitude is generally used for "acyclic" messages. 
In this context, delays by the acyclic messages may cause individual instruction 
messages to be sent late. Reception of such instruction messages sent late causes 
erroneous ^synchronization of the reception units. To prevent this, it is known 
practice to provide a phase regulator for a phase locked loop. 

[00101 In this case, a reception unit in a bus system supplies the synchronization 

signals to the phase regulator in a phase locked loop having a clock transmitter, and, 

upon receipt of the synchronization signals, the phase regulator ascertains 

instantaneous phase errors and readjusts the clock transmitter such that the clock 

transmitter outputs a nominal number of clock signals between two synchronization 

signals-fef. See foreign patent application DE 19932635.5, the disclosure of which 

is incorporated herewith by reference). 
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fOOll] In accordance with the present invention, it has now been found to be 
particularly advantageous if the nominal number of clock signals which is generated 
using the aforementioned phase locked loop is prescribed as the central clock for all 
transmission units in the bus systems. If this nominal number of clock signals is 
prescribed as the central clock for a transmission unit in another bus system, bus 
systems can be hierarchically structured in a particularly simple and effective 
manner. 

r0012] If this nominal numb e r of clock signals is prescribed as the c e ntral clock for a 
transmission unit in another bus system, bus systems can be hierarchically structured 
in a particularly simpl e and eff e ctive manner. 

r00131 This permits synchronization of a transmission unit or of a bus master to a 
reception unit or to a bus slave, and hence the desired hierarchical structuring of 
buses. A reception unit on a bus receives the synchronization information. A phase 
locked loop is used to filter this clock information and to regenerate missing clock 
pulses (e.g. as a result of message destruction on the bus). This clock, which is now 
"sound", is in turn routed to a transmission unit or to a bus master of another bus, 
which generates the corresponding clock information using the necessary messages on 
the respective bus. This principle is in turn independent of the respective bus system, 
which means that a plurality of identical buses or else different bus systems can be 
operated hierarchically in synchronism synchronization with one another. 
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[0014] In order to achieve a sufficient level of accuracy for the synchronization 
of a reception unit to the transmission unit of another bus system, it is propos e d 
tha fcthe present invention provides for the phase regulatorjo integrate the 
instantaneous phase errors to form an integration value, and that the integration value 
be corrected to form an integration fraction, the integration fraction being less than 
one. 

[0015] To p e rmit various bus systems to be operat e d using different clock p e riods, it 
has been found to be ben e ficial for the clock to be divided before a transmission unit 
is driv e n using a c e ntral clock. 

[0016] To permit various bus systems to be operated using different clock 
periods, the present invention divides the clock before a transmission unit is 
driven using a central clock. Alternatively, frequency multiplication is effected, in 
particular within the phase locked loop, before a transmission unit is driven using a 
central clock. 

r0017] If, inl n accordance with an exemplary embodiment of the present 

invention, a clock divider is incorporated between the clock feeding the respective 
transmission unit or the respective bus master and the actual bus master, then the 
respective bus systems under consideration can also be operated using different bus 
clock period durations, and d e spite this can be synchronous as well. Clock division 
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means that only lower frequency clock period durations can be fed into the respective 
bus master connected downstream. 

[0018] Since the phase locked loop (PLL) described above is also able to 
generate higher frequency clock pulses than the clock originally received by the PLL, 
howev e r, it is thus also possible to feed higher frequency clock pulses into the 
respective bus master connected downstream, or the transmission unit. 

[0019] In addition, it has been found to b e b e neficial, in ord e r to compensate for 
d e lay tim e e ffects during synchronization, to prescrib e the r e spectiv e central clock 
g e n e rated by the phas e lock e d loop so that it is advanced by the d e lay timo of a 
rec e iv e d clock message. 

[002 01 In addition, in accordance with an exemplary embodiment of the present 
invention, in order to compensate for delay time effects during synchronization, 
the respective central clock generated by the phase locked loop is prescribed so 
that it is advanced by the delay time of a received clock message. The clock 
instant of a clock message represents the message end, since only after a message has 
been received completely can it be decoded as such. The clock pulses produced by 
the PLL are then m synchromsm synchronized with this clock message end. If a 
clock message is now intended to be sent in synchromsm synchronized with the 
received clock messages or the PLL, then this can occur so that it is advanced by the 
delay time of the clock message so that the timing of the clock message end coincides 
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with that of the message end for a received clock message or with that of the clock 
pulses produced by the PLL. In this way, in hierarchical bus systems, for example, it 
is possible for the bus master/transmission unit and the bus slave/reception unit to be 
operated with no phase shift with respect to one another. 

[0021] Accordingly, for the purposes of hierarchically synchronizing a plurality 
of bus systems, a plurality of phase locked loops for a plurality of bus systems are 
advantageously cascaded. In this context, the present invention prevents 
oscillations in the phase locked loops, the frequency response of each phase 
locked loop has a gain of less than or equal to unity. 

[0022] In this cont e xt, it has b e en found to b e b e neficial if, to prev e nt oscillations in 
th e phas e lock e d loops, th e frequency r e sponse of each phas e locked loop has a gain 
of l e ss than or equal to unity. 

[00231 The inventive method of the present invention illustrated above can thus 
be used to synchronize different bus systems, with clock synchronization also being 
possible despite different bus systems. This results in a higher degree of flexibility 
and in an increase in the scope for use with universal clock synchronization as 
compared with known concepts. 

r00241 This flexibility is increased further by different, but synchronous, bus 

clock period durations (e.g. one drive bus with high demands and another bus for a 

simple peripheral area with low demands in respect of reaction times/bus clock period 
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duration/dynamics, etc). A loss of performance as a result of possible delay time 
effects for the clock messages can likewise be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] Qthe rFor a complete understanding of the present invention and the 

advantages and details of the invention come thereof, reference is now made to light 
ea-the basis of the advantageous e xemplary embodiment b e low and following 
description taken in conjunction with the figures. In the figures, e l e m e nts having the 
same functionality are characterized using the same accompanying drawings in 
which like reference symbols numbers indicate like features , components and 
method steps, as wherein : 

DR AWINGS 

FIGURE FIG. 1 shows js a block diagram of a distributed control system^ 

FIGURE FIG. 2 shows is a block diagram of two synchronized bus systems to 
illustrate the topological circumstances^ 

FIGURE FIG. 3 shows J s a block diagram of a phase locked loop^i and 

FIGURE 4 shews FIG, 4 illustrates a timing diagram for delay time compensation. 

DETAILED DESCRIPTION OF THE INVENTION 
[00261 On the basis of FIGURE L Now referring to the drawings, FIG. 1 illustrates 

a distributed control system has comprising a transmission unit 1 and reception units 2 
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which are connected to one another by means of a bus system 3 . The transmission 
unit 1 cyclically transmits messages to the reception units 2, which react appropriately 
to the messages received. By way of example In an exemplary embodiment the 
reception units 2 read in input variables from a controlled technical installation or 
application 4, and emit output variables to the technical installation or application 4. 
This is indicated in FIGURE FIG. 1 by the arrows between the reception units 2 and 
the technical installation/application 4. 

[0027] Usually, th e transmission unit 1 and the reception units 2 communicat e on 

th e basis of tho following, cyclically ex e cuted scheme: 

[0028] In one exemplary embodiment of the present invention, the transmission 
unit 1 and the reception units 2 communicate on the basis of the following, 
cyclically executed scheme: First, the transmission unit 1 transmits to the reception 
units 2 output variables which are intended to be output to the technical 
installation/application 4. It then transmits an instruction message to the reception 
units 2. On transmission of the instruction message, the reception units 2 output the 
output variables to the technical installation 4 and read reads in input variables from 
the technical installation 4. The input variables read in are then requested by the 
transmission unit 1. 

10029] Ideally, the above scheme is executed strictly cyclically and with strictly 
equidistant timing. In particular, the instruction messages can therefore be used as 
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synchronization signals S, or synchronization signals S can be derived from the 
instruction messages. The synchronization signals S can then be used to synchronize 
the reception units 2 to the transmission unit 1 . 

[00301 The illustration shown in FIGURE FIG. 2 shows the topological 
arrangement of three different bus systems 3, 3' and 3" which are advantageously 
interconnected and are synchronized to one another on the basis of the method 
according to of the present invention. While the bus 3 is shown having a connected 
reception unit/slave 2 which receives from the bus 3 synchronization signals "S" from 
a transmission unit/bus master (not shown), the second bus 3 ' has a transmission 
unit/bus master V shown for it which sends synchronization signals S f to the second 
bus 3\ A transmission unit/bus master 1" does the same for the third bus 3". 

100311 Accordingly, this relates to the situation where bus systems are 
hierarchically structured in accordance with the present invention. Without any 
synchronization on th e basis of th e invention, the respective synchronization signals 
S, S' and S" may have very different period durations. 

[0032] For the purposes of synchronization, the transmission units/bus masters V 
and 1" of bus 3 1 and 3" are now synchronized to the clock of the reception unit/slave 2 
of bus 3. To this end, a phase locked loop 6 is used to generate^ from the 
synchronization signal S a a central clock Z* which is applied to the two bus systems 3' 
and 3". 
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f00331 This central clock Z* can be used directly or via optional respective 
frequency dividers 15 ! , 15" to drive the respective transmission units/bus masters 1', 1" 
of the bus systems 3\ 3". The frequency dividers 15', 15" can have different division 
ratios ri, n", so that the two buses 3\ 3" can also be operated in 
synchronism synchronization using different bus period durations. Besides clock 
division, frequency multiplication (n ! , n" > 1) is also suitable, these being possible in 
particular using the phase locked loop (PLL) to be 3 explained below. This also 
permits higher frequency clock pulses to be fed into the respective transmission 
unit/bus master connected downstream. 

[00341 On the basis of FIGURE FIG. 3, the synchronization signals received by a 
reception unit/slave 2 are supplied via a bus connection module to a phase regulator 5 
in a phase locked loop 6. The phase locked loop 6 has a clock transmitter 7. Within 
the clock transmitter 7, a clock generator 8 produces primary clock signals which are 
supplied to a frequency divider 9. At the output, the frequency divider 9 outputs the 
divided primary clock signals in the form of clock signals. The clock signals are 
supplied to a clock signal counter 10. 

[0035] With ideal regulation of th e clock generator 8, the clock transmitt e r 7 outputs 

exactly one nominal number Z* of clock signals b e tw ee n two synchronization signals 

St However, the clock transmitt e r 7 generally outputs a numb e r Z of clock signal s 

which differs from the nominal numb e r Z*, The phas e regulator 5 ther e fore ascertains 

instantaneous phase errors E upon rec e ipt of the synchronization signals, and then 
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readjusts th e clock tran s mitter 7 such that it outputs the nominal numb e r Z* of clock 
signals b e twe e n two synchronization signals S. This is don e as follows: 

[00361 With ideal regulation of the clock generator 8, the clock transmitter 7 
outputs exactly one nominal number Z* of clock signals between two 
synchronization signals S. However, the clock transmitter 7 generally outputs a 
number Z of clock signals which differs from the nominal number Z*. The 
phase regulator 5, therefore, ascertains instantaneous phase errors E upon 
receipt of the synchronization signals, and then readjusts the clock transmitter 7 
such that it outputs the nominal number Z* of clock signals between two 
synchronization signals S. This is done as follows: Before the start of 
synchronization, that is to say before the first instantaneous phase error E is 
ascertained, a control unit 1 1 first prescribes a start signal for a driving unit 12. This 
driving unit_12 then drives the clock generator 8 in the clock transmitter 7. When the 
clock signal counter 10 has counted the nominal number Z* of clock signals, the clock 
signal counter 10 transmits a signal to the driving unit 12. The driving unit then stops 
the clock generator 8 again. The phase locked loop 6 has thus been "biase d", so to 
sp e ak . " Upon receipt of the next synchronization signal, which is likewise 
transmitted to the driving unit 12, the driving unit 12 then starts the clock generator 8 
again. This increments the clock signal counter 10 again. 

10037] The reaching of the nominal number Z* and the arrival of the next 
synchronization signal S are reported to a primary clock counter 13. Upon the arrival 
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of the first of these two signals, the primary clock counter 13 is started; upon the 
arrival of the second of the two signals, it is stopped. The count (which has an 
arithmetic sign) of the primary clock counter 13 is thus a direct measure of the error 
between the clocking of the clock transmitter 7 and the periodicity of the 
synchronization signals S. 

[0038] Upon receipt of the first synchronization signal S a after the clock 
transmitter 7 has been restarted, the count of the primary clock counter 13 is 
transmitted to the control unit 1 L The control unit uses it to calculate a correction 
value for driving the clock generator 8, and prescribes this correction value directly to 
the phase regulator 5. This at least substantially corrects the instantaneous phase 
error E detected during the first synchronization cycle. 

T0039] In the further synchronization cycles, the primary clock counter 13 is 
always controlled on the basis of the synchronization signal S and the reaching of the 
nominal number Z*. The primary clock counter 13 is started upon the arrival of the 
first of these two signals and is stopped upon the arrival of the second of these two 
signals. The count of the primary clock counter 13 is supplied to a comparator 14. 

[00401 The count on the primary clock counter 13 is compared with a maximum 
error. If the count exceeds the maximum error, a timeout counter 15 is incremented. 
In this case, no error signal is output to the phase regulator 5. The phase regulator 5 
maintains its previous output signal. 
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[00411 The primary clock counter 13 is usually started and stopped whenever a 
synchronization signal S is transmitted. However, it is also possible for a validity 
signal G to be additionally transmitted to the phase locked loop 6 by the control unit 
11. In this case, the primary clock counter 13 is started and stopped only if the 
validity signal G is present. It is also possible to start and to evaluate the primary 
clock counter 13 with a phase offset with respect to the synchronization signal S. 
This is advantageous for compensating for delay time effects as described above 
(e fsee FIG . FIGURE 4 also). 

[0042] It is advantageous in r e sp e ct of the design of hierarchical bus systems- a as 
shown in FIGURE 2 FIG. 2„ to change the control parameters of the phase locked 
loop 6 such that the frequency response of the PLL 6 has, if possible, no gain or a gain 
of less than 1 , but at the outside only low gains of greater than 1 . This is necessary so 
that, when bus systems are hierarchically structured, the overall frequency response of 
a plurality of series -connected PLLs 6 does not have a pronounced resonant 
frequency at which the PLLs 6 could easily be excited into oscillation. 

100431 On the basis of FIGURE FIG, 2, it is , in principle, also possible to operate 
the two bus systems 3', 3" in parallel without hierarchical structuring, by virtue of 
output clock signals being produced rigidly without synchronization to a bus reception 
unit 2. The PLL 6 then functions as an autonomous clock generator for producing a 
common central clock Z*. 
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[0044] If the clock message is to be sent in synchronism synchronization with 
the received clock messages or the PLL 6, this can occur so that it is advanced by the 
delay time of the clock message. This correlation is demonstrated in the illustration 
shown in FIGURE F1G. 4. 

[0045] The illustration shows a received clock message S which has been fully 
received at the clock instant t. Not until this instant can the clock message be 
decoded. So that the timing of the clock message end for a central clock Z* coincides 
with that of the message end for a received clock message S or with that of the clock 
pulses produced by the PLL 6, the 6. The clock message for the central clock Z* is 
now sen t so that it is advanced by so that it is advanced by a defined time x, 
advantageously the delay time of the received clock message. This prevents delay 
time effects when synchronizing different bus systems, and in the case of hierarchical 
bus systems, it is possible for transmission units/bus masters and reception unit/bus 
slave to be operated in synchronism synchronization with one another without phase 
shifting. 

[00461 Although the present invention has been described in detail of reference 
to specific exemplary embodiments thereof, various modifications, alterations 
and adaptation may be made by those skilled in the art without departing for the 
spirit and scope of the invention. It is intended that the invention be limited only 
be the appended claims. 
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Version With Marked Changes Made 

In the Claims : 

Please amend claims 1-10 as follows. 

1 . (Amended) A method for synchronizing a plurality of bus systems (3 f , 3"), 
wher e each bus system (3', 3") , said method comprising: 

transmitting synchronization signals from a transmission 

unit to an associated reception unit where each bus system has at least one 
transmission unit (l\ 1") and a reception unit (2), where, in each bus syst e m (3, 3"), 
cyclically transmitted synchronization signals (S) are transmitted to a r e ception unit 
(2) by the associated tran s mission unit, charact e riz e d in that a central clock (Z*) ? in 
particular a common one, is prescribed for each transmission unit (r, 1") in a bus 
system (3\ 3"), and e ach transmission unit (l\ 1") us e s this and at least one 
associated reception unit; and 

said transmission unit using a central clock to generate fee 

respectiv e said synchronization signals (S ! , S") autonomously for cyclic transmission 
to an associated rec e ption unit said associated reception unit wherein said central 
clock is prescribed for each of said transmission units in a bus system . 
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2. (Amended) The method for synchronizing a plurality o f bus syst e ms as 
claim e d in claim 1 5 whege wherein asaid reception unit (3)-in a bus system (3) 
supplies the synchronization signals (S)-to a phase regulator (S)-in a phase locked loop 
(6)-having a clock transmitter-^?), where^and upon receipt of th esaid synchronization 
signals (S), the said phase regulator-^ ascertains instantaneous phase errors (E)-and 
readjusts the clock transmitter £?)-such that fe esaid clock transmitter-^?) outputs a 
nominal number (Z*)-of clock signals between two synchronization signals-(S), 
characteriz e d in that this wherein said nominal number-(Z*) of clock signals is 
prescribed for all transmission units (1', 1") in the said bus systems (3\ 3") as the said 
central clock. 

3 . (Amended) The method for synchronizing a plurality o fbus sy s tems as 
claim e d in claim 1, where further comprising a reception unit (2)-in a first bus system 
(3) supplies th e supplying synchronization signals-(S) to a phase regulator (§)-in a 
phase locked loop (6)-having a clock transmitte r (7), where, ; upon receipt of th esaid 
synchronization signals-(S), th esaid phase regulator-(§) ascertains instantaneous phase 
errors {B)-and readjusts the clock transmitter £?)-such that fe esaid clock transmitter 
£?) outputs a nominal number (Z*) of clock signals between two synchronization 
signals-{S), charact e riz e d in that this w herein said nominal number-(Z*) of clock 
signals is prescribed asth esaid central clock for a transmission unit (l\ 1") i n second 
another bus system (3 f , 3") . 
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4. (Amended) The method for synchronizing a plurality o f bus syst e m s as 
claimed in claim 2 or 3, characterized in that the wherein said phase regulator-(§) 
integrates the instantaneous phase errors (B)-to form an integration value, and in that 
th ewherein said integration value is corrected to form an integration fraction, with 
th esaid integration fraction being less than one. 

5. (Amended) The method for synchronizin g of claim 1, wherein a plurality of 
bus syst e ms as claimed in on e of claims 1 to 4 , characteriz e d in that clock division 
(15', 15") is effected before a said transmission unit (l\ 1") is driven using a central 
cloc k (Z*) . 

6. (Amended) The method for synchronizing a plurality of bus systems as 
claim e d in claim 1 to 4 , characterized in tha t l, wherein frequency multiplication is 
effected , in particular within the phase locked loop (^before a transmission unit fi^ 
i^)-is driven using a central clock (Z*) . 

7. (Amended) The method for synchronizing a plurality of bus system s a s 
claimed in one of claims claim 2 to 6, wher e the or 3, wherein a message end of a 
clock message represents feea respective clock instant-(t), charact e riz e d in that th e 
r e sp e ctiv e wherein said central clock (Z*)-generated by th esaid phase locked loop is 
prescribed so that it is advanced by the so that it is advanced by a delay time (x)-of a 
received clock message. 
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8 . (Amended) The method for hi e rarchically synchronizing a plurality of bus 
sy s t e ms as claim e d in one of claims claim 2 to 7, characterized in that or 3, wherein a 
plurality of phase locked loops in a plurality of bus systems are cascaded. 

9. (Amended) The method for hi e rarchically synchronizing a plurality of bus 
systems as claimed in one of claims 2 to claim 8, characteriz e d in that th e w herein 
said frequency response of each of said p hase locked loop (6) loops has a gain of less 
than or equal to unity. 

10. (Amended) A hierarchical multibus system using synchronizatio n as claimed in 
on e of the prec e ding claims. , said system comprising: 

a transmission unit; and 

an reception unit associated with said transmission unit, 

said transmission unit transmitting synchronization signals to said associated 
reception unit where each bus system has at least one transmission unit and at 
least one associated reception unit said transmission unit using a central clock to 
generate said synchronization signals autonomously for cyclic transmission to 
said associated reception unit wherein said central clock is prescribed for each 
of said transmission units in a bus system. 
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Version With Marked Changes Made 

In the Abstract : 

Please amend the Abstract as follows: 

ABSTRACT OF THE DISCLOSURE 

M e thod for synchronizing a plurality of bus systems, and hierarchical multibus 

syst e m corr e sponding th e r e to 

Synchronization of a bus master to a bus slave permits the desired hierarchical 
structuring of buses by virtue of a bus slave (2)-on a bus-^) receiving the 
synchronization information (S)-for an associated bus master - is disclosed. A Ptt 
f6 4phase locked loop is used to filter this clock information and to regenerate missing 
clock pulses. This clock (Z*) ? which is now "sound-," is supplied to one or more 
parallel bus masters (T, 1") of other buses (3\ 3") , which generate the corresponding 
clock information (S r , S") using the necessary messages on the respective bus. This 
principle is independent of the respective bus system, which means that a plurality of 
identical buses or else different bus systems can be operated hierarchically^ 
synchronism with on e another, in synchronization with one another. 
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